Results
Fifty-five (5.5%) cases of primary bile duct cancer were found among the 1,003 patients at intervals of 132 to 218 months from biliary-enteric anastomosis. The incidence of cholangiocarcinoma in the three groups was 5.8% in transduodenal sphincteroplasty patients, 7.6% in choledochoduodenostomy patients, and 1.9% in hepaticojejunostomy patients. The incidence of malignancy related to the different underlying diagnosis was 5.9%, 7.2%, and 1.9% in patients with choledocholithiasis, sphincter of Oddi stenosis, and postoperative benign stricture, respectively. Although only one patient who developed cholangiocarcinoma had previous concurrent lithiasis of the biliary tract, 40 patients had experienced mostly severe, recurrent cholangitis. No case of malignancy occurred in patients scored as having no cholangitis in the early and long-term postoperative outcome. Univariate and multivariate analyses have shown the presence of cholangitis as the only factor affecting the incidence of cholangiocarcinoma.
Conclusions
Chronic inflammatory changes consequent to biliary-enteric drainage should be closely monitored for the late development of biliary tract malignancies.
Choledochoduodenostomy and transduodenal sphincteroplasty (TS) are procedures currently used for treating benign distal common bile duct obstruction resulting from stones, inflammatory strictures, or motor dysfunction of the sphincter of Oddi. [1] [2] [3] [4] [5] [6] Biliary reconstruction with a Roux-en-Y loop is, in turn, a surgical procedure widely used for the treatment of benign bile duct strictures. [7] [8] [9] The general perception has been that all these procedures are relatively innocuous, except for cholangitis. Reflux of intestinal contents, activated pancreatic juice, and bacterial flora have been regarded as the possible causes of this complication. 10, 11 However, in recent years the number of reports of cholangiocarcinoma occurring in patients who many years previously had biliary-enteric drainage has been increasing, and cholangiocarcinoma has been suggested as a possible long-term complication of these surgical procedures. 12, 13 This study involved a retrospective review of patients who had undergone biliary-enteric procedures 2 to 32 years previously at the First Department of Surgery of the University of Rome "La Sapienza" Medical School.
PATIENTS AND METHODS

Patients
The medical records of all patients treated with biliaryenteric anastomosis for benign diseases of the biliary tract between 1967 and 1997 were transferred into a database. Patients were divided into three groups according to the surgical procedure: group A, transduodenal sphincteroplasty (TS); group B, choledochoduodenostomy; and group C, Roux-en-Y hepaticojejunostomy. Initially, 1,162 patients were enrolled in this study; 62 were lost to follow-up and 97 died of disease other than malignancies of the liver and biliary tract. The number of patients finally entering the study was 1,003; 629 of them were women.
Outcome
Follow-up was obtained from medical records and primary physician and patient interviews or telephone communications. Long-term outcome was classified as excellent if no symptoms relating to cholangitis were referred, good if symptoms were transitory, fair if medical therapy was requested, and poor when patients experienced severe episodes of cholangitis. Cholangitis was considered present if three of the following signs were observed: right upper quadrant tenderness, fever, leukocytosis (white cell count Ͼ 12,000), bilirubin concentration exceeding 2 mg/dL, or alkaline phosphatases elevation more than 140 U/L.
Diagnosis of cholangiocarcinoma was made either by histologic examination of the surgical specimen when secondary surgery had been done or by the pathologic findings at autopsy. The relationship between the age, gender, surgical procedure used, length of follow-up, and cholangitis with development of cholangiocarcinoma was examined by statistical analysis.
Statistical Analysis
Univariate comparisons were carried out using Fisher tests and the chi-square test for discrete variables, t tests and analysis of variance for continuous variables. Multivariate analysis was performed by the multiple regression test to isolate predictive factors.
RESULTS
Patient Population
The mean age at the time of initial operation was 56.5 years (range 19 -85, SD 10.7). The distribution of patients by type of procedure was 637 with TS, 210 with choledochoduodenostomy, and 156 with hepaticojejunostomy. The indication for biliary bypass was choledocholithiasis in 736 patients, sphincter of Oddi stenosis in 111 patients, and postoperative benign stricture in 156 patients. The mean follow-up period was 129.6 months (range 23-240, SD 37.9) from the initial operation. Demographic and clinical data are shown in Table 1 .
Outcome
The long-term outcome of the different biliary-enteric procedures showed that the higher incidence of poor results occurred in the choledochoduodenostomy and TS groups; the rate of cholangitis was noticeably lower in the hepaticojejunostomy group (Table 2) .
The overall incidence of bile duct carcinoma was 5.5%. The incidence in the three groups was 5.8% in TS patients, 7.6% in choledochoduodenostomy patients, and 1.9% in hepaticojejunostomy patients. The incidence of malignancy related to the different underlying diagnoses were 5.9%, 7.2%, and 1.9% (P ϭ .09), respectively, in patients with choledocholithiasis, sphincter of Oddi stenosis, and postop- (Table 3 ). Recurrent biliary stones were diagnosed in 12 TS patients, in 2 choledochoduodenostomy patients, and in none of the hepaticojejunostomy patients; no malignancy of the biliary tract occurred in these patients except one in the choledochoduodenostomy group. The onset of cholangiocarcinoma occurred between 11 and 19 years from biliary-enteric anastomosis. At diagnosis of cancer, 34 patients were judged to have inoperable disease, and 9 were found to have unresectable disease at surgical exploration. Twelve patients undergoing curative resection died, all as a result of cancer recurrence within 9 months of the surgery.
Statistical Analysis
No significant differences in demographic data were shown in the three treatment groups. Univariate analysis showed a significantly higher incidence of cholangiocarcinoma in the choledochoduodenostomy group (P ϭ .02), and cholangitis was the only factor to influence the incidence of cholangiocarcinoma (see Table 3 ). Multivariate analysis confirmed cholangitis as the independent factor affecting the incidence of cholangiocarcinoma (P Ͻ .001, odds ratio 35.7, standard error 0.32, 95% confidence interval 18.7-68.3).
DISCUSSION
In Western populations, the incidence of cholangiocarcinoma is approximately 1 per 100,000 individuals, 14 strikingly lower than that found in our series. These tumors have been reported to be more common in patients with biliary stones, biliary stasis, and infection. 15, 16 Since 1942, when two instances of intrahepatic cholangiocarcinoma associated with hepatolithiasis were reported, the relationship between lithiasis and carcinoma of the biliary tract has been debated. [17] [18] [19] [20] Subsequently, in Eastern countries intrahepatic cholangiocarcinoma continued to be described most regularly associated with hepatolithiasis; 18, 19, [21] [22] [23] however, the same has not occurred in the West, where this malignancy has been most frequently reported unrelated to biliary lithiasis. 13, 20 In our series as well, cholangiocarcinoma of the biliary tract was associated with biliary stones in just one patient. Cholestasis and cholangitis, the next factors considered to have a possible influence on the onset of cholangiocarcinoma of the biliary tract, were detected in the clinical history of 39 of the 55 patients of our series who developed cholangiocarcinoma. A further specific factor associated with an increased incidence of cholangiocarcinoma is biliary cyst disease. After Kasai et al's first report, 24 such an association has been confirmed in several large series, [25] [26] [27] [28] and most recently cumulative data from 73 institutions in Japan have shown that the incidence of choledochal malignancies in biliary cyst disease is 17.5%. 27 However, although biliary cyst disease is only rarely associated with biliary stones, it is almost always associated with an anomalous arrangement of the pancreaticobiliary ductal system, 29 which has been suggested as a factor for carcinogenesis of the biliary tract. 30 Moreover, internal drainage procedures, conceivably enhancing such an anomalous arrangement, increase the incidence of cholangiocarcinoma to as high as 50% in these patients. 27 The sphincter of Oddi provides a barrier that prevents any reflux into the bile duct. By abolishing this barrier, biliary-intestinal drainage yields an anomalous arrangement of the biliary-digestive junction, making possible the backflow of unwanted substances into the biliary tract. Hyperplastic choledochal mucosa with metaplastic goblet cells and pyloric-like gland formation has been seen 31 in patients with a choledochoduodenostomy and consequent long-standing cholangitis. These changes, interpreted as an adaptation to the new environment, are the same as those observed in patients with biliary cyst disease and can be interpreted as premalignant. 32, 33 Histologic examination of resected specimens, including cholangiocarcinoma of the biliary tract arising from long-standing cholangitis secondary to a bilioduodenal drainage, has shown, at sites distant from the malignancy, various degrees of hyperplastic lesions occurring in the area of cholangitis. 13 The results of experimental research further support the existence of a relationship between biliary-enteric drainage and malignancies of the biliary tract. Although ablation of the biliary lining and replacement by hyperplastic and atypical epithelium has been documented to follow experimental choledochojejunostomy, 34 administration of carcinogens in animals with bilioenteric anastomoses induced a significantly higher number of bile duct cancers than in shamoperated controls. 35, 36 Although a direct connection between the intestinal tract and biliary tree and reflux of activated pancreatic juice and intestinal bacteria into the biliary tract are considered as the factors causing chronic relapsing cholangitis, the latter has been suspected as a predisposing factor for the late development of cholangiocarcinoma. 12, 13, 20, 37, 38 When considering different biliary-enteric procedures, the Roux-en-Y technique is the one expected to produce lower rates of cholangitis because it is immune to pancreatic reflux and less prone to intestinal bacterial backflow because of the protective action exerted by the interposed jejunal loop. 28, 39, 40 The remarkably lower rate of cholangitis found in the hepaticojejunostomy group of our series correlates favorably with the above proposition; however, the lower rate of cholangiocarcinoma detected in the hepaticojejunostomy group reinforces the suggestion of a connection between cholangitis and the development of malignancies of the biliary tract. A further confirmation of this correlation is seen by matching the rate of cholangiocarcinoma with that of cholangitis complicating the different procedures used in our series. The rate of cholangiocarcinoma was shown to relate to that of cholangitis occurring in the three groups.
Current results, although confirming the existence of a correlation between cholangiocarcinoma and previous longterm bilioenteric drainage, suggest that the incidence of cholangiocarcinoma relates not so much to the anomalous arrangement of the biliary-intestinal junction but more to the incidence and seriousness of cholangitis complicating the outcome of the different surgical procedures used. Bacterial infection of the biliary epithelium, the accepted main risk factor for the development of cholangiocarcinoma in patients with biliary cyst disease, 20, 23, 25, 41 was the only factor among those analyzed that was present in each of the study group patients.
Whether cholangitis secondary to biliary-enteric drainage does promote malignancy of the biliary tract, it is quite likely that more reports of this association would be present in the literature. However, an unforeseeable event and the discrepancy between the length of the time from surgery to the diagnosis of cholangiocarcinoma and the usual duration of follow-up may have been responsible for the current underreporting of this correlation.
Three fourths of our patients were judged to have inoperable disease at the time of diagnosis of carcinoma, and nine had unresectable tumors at surgery. Twelve patients who underwent curative surgery died of cancer recurrence within 9 months of surgery. This unfavorable prognosis is probably due to a delay in diagnosis because several symptoms, after biliary-enteric drainage, usually tend to be treated conservatively based on the incorrect diagnosis of ascending cholangitis alone rather than considering the development of a carcinoma. Accordingly, all the patients of our series who did not develop bile duct cancer at present follow-up have been enrolled in a program of long-term close follow-up to analyze the association between biliaryenteric drainage and cholangiocarcinoma and to ascertain whether earlier detection of the malignancy improves the prognosis.
Although larger retrospective studies and prospective randomized trials are needed to establish the definitive risk for late biliary carcinogenesis after biliointestinal drainage, our recommendation is that any patient treated with these procedures and experiencing relapsing cholangitis should be monitored for the late development of bile duct cancer.
